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A) 
I 

I 

^ " Suborganiic Evolution 

>, — OR — 

^ Thoughts on the Nebular Hypothesis. 

>* An apology may be necessary for a layman's 

^ venturing any opinions upon this subject. Tlie 

^ author's principal excuse is the necessity for get- 

^ ting the subject ofT from his mind so as to be free 

*<^ for other duties. 

Thirty years ago* last spring while a student in 

Q college he began one evening the task of proving by 

applying mathematics to mechanical principles that 
it would have been impossible for a nebula to so 
contract as to form the present solar system. A few 
moments thought, however, brought out the principle 
and formulated the law given on page 8. The 
same evening he calculated, according to that law, 
the length of time necessary for the deposition of 
the nebulous masses that were to form the several 
planets, the approximate thickness of the masses 
to produce the satellites and axial motions of the 
planets, together with an extension of the princi- 
ples outside of the solar system, to see if it were 
possible for other stellar system to have been evolv- 
ed from a common nebulous mass. Some of the 
results were presented in Geology class the next 
day, Mr. John B. Perry, of Harvard, teacher. The 
presentation, however, could hardly have been an 
elucidation and the author is now surprised that any 
one should have 'caught his meaning. One of the 
class, however, who the next year was elected pro- 
fessor of mathematics in a small college, caught the 
thou^t, as he afterward told the writer. His teach- 
er, also. Prof. C. H. Churchill, accepted the results 
and twenty years afterward said that he saw no 
reason why they should not be considered correct. 
In 1876 the views were presented to tne A. A. A. 



4 SuBORGANic Evolution or Thoughts 

S., but in such a crude, school-boy form that the 
paper was very Justly regarded as an unjustifiable 
intrusion. And so the matter rested, while the auth- 
or was engaged in the duties of his occupation, all 
the time tentatively holding the views, but as it 
were, in a latent state, but always watching with 
intense interest for anything bearing upon the sub- 
ject. A synopsis, containing a few of the applica- 
tions of the principles was published in The Amer- 
ican Mathematical Monthly (the writer thinks in 
1894.) By some means an error crept into the com- 
putations and the expressed results are not correct 
though the principle, as stated, is. 

In 1901 the author observed a magazine article 
in which proof of the Equatorial Acceleration of . 
the Sun's Rotation was mentioned as one of the 
established results of modern science. Almost in- 
stantly, certainly within half an hour, the writer 
saw in that, an evidence of the correctness of his 
own ideas for the phenomenon could be rationally 
accounted for only upon the supposition that the 
sun had once existed as a much larger mass and had 
rapidly contracted from that condition. In March 
of the same year he communicated the thought to a 
young friend in college. The same ideas were pre- 
sented in a special sermon in church on "The Earth 
was without Form and Void," the afternoon of June 
loth, 1902, a synopsis of which appeared in one of 
the city daily papers, June 18th. Strange to say, on 
July 1st the writer saw the same thought as to sun's 
rotation— expressed in a text book which his daugh- 
ter had been studying in college. The principle, 
however, had not been extended to the belts of rota- 
tion of the planet Jupiter, nor to the phenomena of 
the planet Mars and its nearer satellite. 

Meanwhile Prof. Ritchey's observations of Nova 
Persei came to him as a thunder clap from a clear 
sky, bearing witness in several particulars to the 
correctness of his conclusions of thirty years be- 
fore. These with several other circumstances, have 
distracted the author's mind and the only way to be 
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rid of them is to put them in print. He has also 
the shadow of a hope that in these thoughts some 
may be found, correct if not new, that may be of use 
to others who may carry the subject farther and to 
greater success in revealing the secrets of the 
' world's formation. 

Bowling Green, Ohio, October. 1902. 

Introductory .Note. 

In presenting any thoughts, even tentatively, 

along the line of the world's formation from an orig- 

I inal nebula, the Vriter is aware that he may meet 

objections from a theological point of view. There 
is, however, no grounds for objections any more 
th&n there is reason for opposing the bot- 
anist's theory that an existing tree was not 
made such at once but developed from a seed. Ac- 
cepting the botanist's view does not exclude the idea 
of a personal Creator as the first cause. Neither does 
j it exclude the idea of a Creator to admit that the 

} worlds once existed in a different form. There are 

! many nebulae in existence now. Some of them are 

' undergoing changes that may result in stellar sys- 

I tems. Whether they are undergoing such changes 

or not, it is not atheistic to suppose that they may 
I be or that in the past some such changes may have 

I so resuled. "The Earth was without Form and 

Void." No words could possibly express more con- 
cisely or' accurately the condition contemplated by 
the nebular hypothesis. 

The Nebular Hypothesis. 

Whether the solar or any other well defined stel- 
lar system ever existed in a state of extreme tenuity 
or not. Is, of course, to some extent, a matter of 
conjecture. There are possibilities, supported by 
certain evidences, or corroborative circumstances that 
render them probabilities of a high order. It is the 
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object of this paper to investigate some of these evi- 
dences, to note some of the essential conditions 
with their necessary results. 

Assuming then a nebula to have been the orig- 
inal cpndition of the solar system, 

I. It must have been extremely tenuous. A 
moment's calculation would show that if it extended 
to the outmost known limits of our system it must 
have been, at least, 10,000 times as thin as common 
air at sea level. It must have existed as gas, vapor 
or dust. Gas is a form of matter whose particles 
seem to have the power of affecting other particles 
without actual contact as shown by sound and 
light. Vapor is a liquid in a state of minute subdi- 
vision and dust is a solid in the same condition. 
The nebula must haxe existed as one, or more of 
tiese forms of matter. Above the temperature of • 
312 below zero, air exists as a gas. At that tempera- 
ture it exists as a liquid and perhaps at inter- 
stellar or absolute cold it would exist as a solid, 
and in nebula would be extremely comminuted. If 
this be true of air it certainly would be true of those 
forms of matter that liquify and solidify at much 
higher temperatures. 

II. It may have been either cold or hot. 

The supposition used to be that it must have 
been originally at a temperature that would be re- 
quired to return the system to that conoition of 
tenuity. That assumpion, however, is not essential 
to the theory. The concussion of condensaion near 
the close of the process of star formation would pro- 
duce more heat than there is, at present, traces of. 

If the temperature were, originally very high, it 
would have cooled with great rapidity, according to 
the law of radiation from each separate particle 
with little hindrance by surrounding particles rather 
than according to the law for the cooling of liquids 
or solids in which heat must pass by conduction, 
from the interior parts with radiation only from the 
surface. This is shown by the almost instantaneous 
cooling of gasses formed by explosive compounds 
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in which the loss of heat is almost instantaneous. 
It is thus that the super-heated nebula would cool. 
The higher the temperature, the more rapid would 
be the proces of cooling and the super-incumbent 
gasses or other substances, though great in volume, 
would be so exceedingly tenuous as to offer but 
little resistance to radiation. If originally cold, as 
noted above, heat would be produced by the concus- 
sion of contraction and toward the close of the 
process of star formation the amount would be very 
great. In either case contraction could so proceed 
as to form a stellar system like our own. 

III. Whatever it's condition it must have been 
very much more dense toward the center. This 
must have been the case, at least when it existed 
within the boundaries of the present system. This 
conclusion is necessary from the sizes of the plan- 
ets. If the mass had been of equal density through- 
out and Uranus and Neptune had taken their share 
of the n^aterial they would have taken from three- 
fourths to seven-eights of all the matter in the solar 
system — % if the nebula was diskoid, % if spherical. 
It was probably spherodial as shown by the satel- 
lites of Uranus and Neptune. Instead, however, of 
having even % of the mattep in the* system, the sun 
itself contains nearly 10,000 times as much as they 
both combined. The nebula then must have been 
indefinitely more dense in its central than in its 
external portions. 

IV. It must have rotated upon its axis — at 
least its external portions, in about the same time 
that Neptune revolves around the sun. When it had 
contracted to the orbit of Uranus it must have in- 
creased its rale of rotation to that of planet Uranus 
in its orbit. And so of all. As it contracted, its 
rate of rotation must have increased so as to equal, 
successively, the orbital velocities of Saturn, Jupi- 
ter and so on. The orbital velocity of Neptune is 
about 3 1-3 miles per second, that of Uranus about 
4 1-3 miles per second. Contraction must have pro- 
ceeded at such a rate as to have produced that in- 
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crease in orbital motion. 

V. It then becomes a very easy problem to 
ascertain the rate of contraction as it is simply one 
of resultant motion. 




In the diagram, Fig. 1, if, say, a vessel were 
sailing by steam power along the line a b at a rate 
of 20 miles per hour and the wind should drive it 
along the line a d at a rate of 10 miles per hour it 
would take the direction a c and its rate could eas- 
ily be determined. So its impulse along the line a d 
could be found if its rate along a c were known and 
the impulse along the line a b. It would be simply 
the square root of a c square minus a b square. The 
same would be true if the lines ab, ac and cd were 
curved. This is *he case under consideration. The 
orbital velocity of each interior planet is the result- 
ant of the rate of velocity of the planet next exterior 
and the rate of contraction. 

Ine rule for determining this is, From the 
square of the velocity of any interior planet, sub- 
tract the square of the velocity of the one next ex- 
terior and the square root of the remainder will be 
the rate of contraction. Applying this rule we find 
that the time required for contracting from Neptune 
to Mercury is a little less than 25 years. 

VI. Objections to this view of rapid contrac- 
tion. 

1st. It is generally thought that if the solar 
system once existed as a nebula extending to Nep- 
tune it must have taken millions or billions of years 
to contract. But this long period is based upon tho 
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assumption that radiation was never more rapid 
than it is at present from the sun. This could not 
have heen the case. It is not conceivable that with 
a surface area 36,000,000 times the surface of the 
sun, and a volume 216,000,000,000 times that of the 
sun and with its outer portions millions of times as 
tenuous as air, that it should lose heat only at the 
same rate that the sun now does. The rapid cool- 
ing of gasses deserves more attention than was giv- 
en it in No. 4. 

The fact that gases do cool with great rapidity 
is constantly demonstrated. The loud reports oc- 
casioned by explosives has been mentioned. Cases 
also have been known in which the walls of build- 
ings have been blown outward near magazine ex- 
plosions. When the building has stood far enough 
away so as not to be destroyed by the explosion and 
yet near enough to be influenced by it, the instan- 
taneous cooling of super-heated gas has created a 
partial vacuum and the air inside of the building has 
expanded in consequence with sufficient force to 
carry the walls away. The most signal illustration 
of this occurred in the recent explosive eruption of 
Mt. Pelee in Martinique. Immense quantities of 
super-heated steam or other gases displaced the 
air and instantly cooling the bodies of men burst as 
if instantaneously placed in vacuum. Super-heat- 
ed gasses do cool with great rapidity in spite of a 
theory that they grow hotter by cooling. 

Besides, there is hardly a possibility that the 
elements were in a gaseous state when they reached 
the present limits of the solar system. There is 
hardly a probability otherwise than that they exist- 
ed as attenuated vapor and dust perhaps at an inter- 
stellar temperature. 

2nd. Another objection would seem to be more 
serious; Upon observing for example, the rate of 
contraction between Neptune and Uranus, it would 
seem to be greater than could have been produced 
by gravitation alone, even if the particles had been 
free to obey gravitation without hindrance. To 
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state the difficultly, it takes in the neighborhood of 
25 years for the sun to draw Neptune from its tan- 
gent a distance equal to that between that planiet 
and Uranus while according to the law above stat- 
ed (No.V) contraction must have taken place in about 
14 years. But, (a) indirect contraction each particle 
is approaching nearer to the center and is constantly 
under an increasing power of attraction owing to 
increasing proximity, while Neptune's motion is not 
increasingly] accelerated by increasing proximity. 

(b) The masses of all the present planets would 
have been in position, in the main, to accelerate 
contraction while now their attraction is as likely to 
retard as to accelerate Neptune's motion. This 
however is a very small consideration. The first 
consideration (a) is nearly if not quite sufficient, to 
make up any seeming discrepancy. If there were 
any retarding influences to be overcome, it is to 
be observed. 

(c) That motion of contraction is increased by 
the motion already acquired before reaching the 
orbit of Neptune. When the mass that afterward 
formed the outer planet was deposited the remain- 
ing, interior, mass was not at rest but still retained 
a considerable contracting velocity. This added to 
that increasingly given by gravitation would abun- 
dantly satisfy the conditions. 

3rd. It may be urged in objection again that the 
motion resulting from the original motion and that 
of contraction would not be in the right direction 
but would be spiral rather than circular or elipti- 
cal. But (a) if the nebular theory be correct at all 
this objection must be met whether contraction be 
slow or rapid and the greater the rate of contrac- 
tion the less is the difficulty. It is a difficulty that 
must be met in any theory of development from 
nebula, but it is not great when the contraction is 
rapid though insuperable if contraction had been 
slow, (a) The nature of the curve of a projectile 
changes several times with increased rapidity, as 
for example a projectile upon or near the earth's 
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surface with a moderate velocity dfescribes th<e 
section of a hyperbola. Give it a gnreater velocity, 
the curve becomes a spiral, with a velocity sufficient 
to carry it around the earth to its starting point, 
the curve becomes a circle, with increased velocity 
it becomes an elipse parabola or hyperbola, (b) If 
it extended like a ring around the sun or any frac- 
tion greater than one-half interaction would prob- 
ably be sufficient to cause the slight change of di- 
rection necessary. 

VII. The thickness of the rings must have 
been such that by the contraction they would pro- 
duce the satellites and the axial rotation of the 
planets. The thicker the ring or mass, the more 
rapid the resulting rotation and, of course, the larger 
the planet, as per Kirkwood's law. The great rapid- 
ity for example of Jupiter's rotation is owing to the 
greatness of its mass, which extended far beyond it 
present position and the outside portions moved 
with a velocity proportional to its distance. As it 
contrtcted the angular velocity would increase, while 
the actual velocity would also be increased by 
resultant motion. A seeming difficulty in applying 
this principle to Jupiter's rotation only accentuates 
the rapidity with which that planet assembled its 
elements, owing to the greatness of its mass. *" 

VIII. The nebular masses forming the planets 
could not have been of uniform density through- 
out. If it had been, the tendency would have been 
to form metoric dust or metorites, like the rings of 
Saturn. 

IX The original nebutar mass must have been 
interspersed with nebular densities that formed the 
centers of the various planets and satellites. 

X. The contraction of the WTiole mass from 
the exterior could not have been continuous owing 
to the much greater density at the center. This 
occasioned the rupture between Jupiter and Mars, 
the fragments produced by the rupture forming the 
planetoids. The orbits of these bodies confirm this 
idea, particularly by the greater Ellpticity of those 
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nearer the sun, these having less motion than those 
more remote, while they would require a greater 
motion, necessarily move in more eccentric orbits, 
their positions at the moment of separation being 
aphelion. 

XI. While the deposition of planetary nebula ^ 
must have been very rapid, the assembling of plan- 
etary elements must have been very slow, as each ' 
planetary mass could have had only the attractive 

power of its own mass for assembling its parts. No t* 

figures can be made to even approximate the 
time for so much depends upon the unknown quan- 
tities of dispersion, size and position of nuclear 
density, its physical condition and so on. 

XII. Fragments detached from the main mass- 
es at any part of the process form meteorites re- 
volving in eliptical orbits around the Sun. 

XIII. The interior planets may be older, AS 
PLANETS, than the exterior ones, as from the in- 
creased density of their nebular masses the work of 
assembling would be relatively more rapid, still 
conditions unknown to us may have existed. 

The Formation of the Sun. 

We pass to consider the formation of the Sun. 
Although this is formed of the residue of matter 
after the planetary nebulae had been deposited, its 
power to assemble its constituent elements was so 
great owing to its comparative density, its great 
mass, its slight dispersion and so on, it is by far the 
oldest body, as such, in the solar system. If the 
material composing it had been of perfectly uniform 
tenuity and not gaseous after depositing Mercury its ^ 

contraction would have been in accordance with ' 

the law regulating the motion of a body falling * 

through the earth considering the earth of uniform 
density throughout. The force acting upon «ach 1 

portion would be in proportion to its distance from 
the center. As a pendulum vibrates through a 
larger or smaller section of its arc in the same 



ON THE NbBULAR HYPOTHESIS l3 

time, so portions of the Sun's dispersed mass would 
begin movement toward the center, at rates calcu- 
lated to carry them all to the center the same time. 
Particles a mile from the center would move toward 
the center with a velocity only sufficient to make tt 
reach the center at the same time that portions 
millions of miles from the center would. Theoret- 
ically all would be moving at rates proportional to 
their distances and all so as to reach the center at 
the same time. In this case, it would seem that the 
angular motions of the parts would have been prac- 
tically uniform and there would have been little ten- 
dency for other portions to flow around the interior 
portion except as the actual velocities of the outer 
portions were increased by resultant motion. Even 
if the mass had been of uniform density when ex- 
tending to the orbit of Mercury, there would have 
been some tendency for outer portions to increase 
the angular motion of rotation and flow around the 
portions within. But this tendency would have 
been indefinitely increased by the fact that, as WQ 
have seen, it was very much more dense in its 
central portions. This tendency must have been 
increased, too, if there had been any gaseous ele- 
ments in its composition. In any event precipita- 
tion would have begun very early and probably had 
begun when the outside planetary mass was left. 
This nucleus, if rotating on its axis at all, would 
have rotated very slowly, not more rapidly than 
the whole mass or once in a year of Neptune, prob- 
ably not as fast as that. Then as each layer of 
matter was deposited on the outside it would be 
moving not only with a greater angular but with a 
greater actual velocity and every layer would flow 
around that within so that had no motion been im- 
parted to the inner portions by the parts outside, 
we should have the center of the Sun revolving on 
its axis but once, perhaps, in a hundred and fifty 
or more years, while the outside would be revolving 
with a much higher velocity than at its present rate. 
Of course, if precipitation did not begin at the cen- 
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ter of the Sun until after Mercury was left, still the 
core would have revolved on its axis only once in a 
year of Mercury or not as rapidly as that. Then, as 
precipitation continued each outer portion would 
have flowed around the parts interior to itself. 




In the accompanying figure, suppose the whole 
body be revolving with uniform motion. S, the 
core of the Sun, revolves in one of Mercury's years, 
and a point as A performing its revolution in the 
same time. It is evident that as A is twice as far from 
the center as M, it would have just twice the actual 
though the same angular velocity as one at M. But 
when by contraction it reaches M, it will have twice 
the angular velocity it had at A even if its actual 
velocity had not been increased by resultant mo- 
tion. In other words it would run around parts in- 
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terior. This was the case during the whole process 
of the Suns' formation. The outside portions con- 
tinually flowed around the inner portions already 
formed. A remnant of this phenomenon still ap- 
pears in what is called the equatorial acceleration 
of the sun's rotation. It is, however, transient 
and will soon disappear. It was thus that the auth- 
or of this essay accounted for this phenomenon 
within a half hour after learning* of its existence 
and eighteen months before reading of the calcula- 
tions of Professor Sampson. Professor Sampson's 
calculations, however, confirmed in a very satis- 
factory and conclusive way the correctness of the 
author's own conclusions. 

But the phenomenon presents itself in a very 
much more wonderful way and with much more 
conclusive proof as to its origin in the planet Jupi- 
ter, ancj to a less extent in Saturn. Professor 
Charles A. Young in his text-book on astronomy ob- 
serves: — "The planet rotates on its axis In about 
nine hours and fifty-five minutes. The time can 
only be given approximately, not because it is diffi- 
cult to find and observe distinct markings on the plan- 
et's surface, but simply because different results are 
obtained from different parts according to their 
nature and their distance from the planet's equator. 
Speaking generally spots near the equator indicate 
a shorter day than those in higher latitudes, and 
certain small sharply defined, bright, white spots, 
such as are often seen, give a quicker rotation than 
the dark markings in the same latitude." 

Everything in this exactly accords with neces- 
sary results if the planet were formed by contrac- 
tion from a larger revolving gaseous spheroid or 
nebulous mass. As condensation proceeded the 
outside portions, revolving not only with a greater 
angular but with a greater actual velocity would 
flow around the portions already formed. The out- 
side portions, which bear the small white spots, 
being partially, at least, transparent, reveal the 
more slowly moving portions within. The great 
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red spot was an island or huge mountain peak 
pushed up by internal forces above the superincum- 
bent and more rapidly moving layers. 

The rotation near the equator is also more rapid 
than near the poles. If the planet had been 
diskoidal the phenomenon would have been much 
more apparent. But it is sufficiently spheroidal to 
make plainly apparent the method of its formation. 

This view of the cause of equatorial accelera- 
tion is still more wonderfully confirmed by the facts 
contained in a note to the article quoted above. 

"According to Williams there are at least nine 
'belts' of atmospheric current on Jupiter clearly dis- 
tinct from each other, the swiftest at the equator, 
has a rotation period of only nine hours, fifty min- 
uses, twenty seconds, while that of the slow- 
est is nine hours and fifty-six minutes. The 
great red spot has given values ranging from 9 hrs. 
55 min. 34.9 sec. (in 1879) to 9 hrs. 55 min. 40.7 
seconds (In 1886), and 9 hrs. 55 min. 41.4 sec. (in 
1896). The increase has been unmistakable and has 
not been due to any uncertainty in the observations." 

xhe nine belts of rotation spoken of are not 
necessarily sharply defined and distinct from each 
other, but gradually merge into each other. 

The most remarkable thing in connection with 
this whole subject is the rapid diminution of rela- 
tive velocity of rotation, or slowing of the outside 
portions as their momentum is imparted to the por- 
tions interior. Note what is said of the "great red 
spot" and observe that there was a diminution in ve- 
loci.y of rotation of about six seconds in the 7 years 
from 79 to '86 while the diminution amounted to 7-10 
of a second in the ten years from '86 to *96. This indi- 
cates the rapidly approaching end of inequality of 
rotation or the time when the outer portions will 
have communicated enough of their own motion vo 
the interior to make the whole rotate with the 
same angular velocity as the earth and all the 
smaller planets now do. 

Observe the statement "The increase has been 



About eight months after this statement concerning the GREAT 
BED SPOT was written the following appeared in one of the papers: 

Somethlnsf Hovering Over Jtipiten 

A discovery of considerable importance in astronomical circles has recently 
been made which is arousing much interest among astronomers, says the 
Toronto Globe, The planet Jupiter is the bodj' upon which the discovery has 
been made. Several peculiar pyramid-shaped spots have been observed on 
Jupiter, and the astronomers who have been watching them have observed 
that, as they travel with great velocity toward the object known to astrono- 
mers as the Great Red Spot, they disappear and reappear at tha other side of 
the Great Red Spot. This seems to indicate that the Great Red Spot is ele- 
vated ^ something which was not known before. 

This seems wonderfully to confirm the author's statement. 



Please paste this slip on Page 16 of ray ''Thoughts on the Nebu- 
lar Hypothesis," and oblige the author, 

A. L. GRIDLEY. 



tsuz tnere is really no reason to suppose that 
the nebula's temperature was much above that of 
inter-sfellar space. In that case not enough heat 
could be produced In the earlier stages of conden- 
sation to have produced luminosity. For example, 
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when the nucleus of the Sun was a ball a mile in 
diameter its attractive power was but its present 
•power at its surface divided by its diameter — 
800,000. At present the Sun's attraction would 
cause a body to fall 444 feet per second. When a mile 
in diameter, even if its density were the same as 
now, it would have attracted matter toward it at 
the rate of 444-800,000 or .000555 of a foot per sec- 
ond. Very little heat could be produced by that 
rate of motion. The center of the Sun may now be 
comparatively cold and solid, not yet having be- 
come superheated by conduction/ from its outer 
portion, as the motion from the outer portions has 
not yet been fully communicated to the interior 
The same may be true and probably is of the earth's 
interior. It may be cold and solid, to near the sur- 
face wliere there is a thin layer of molten matter 
over which is the cold outside layer. 

4. The temperature would increase with the in- 
crease in size of the forming body. The larger it 
becomes, the greater would be its power of attrac- 
tion, drawing more matter to itself in a given time 
and giving each portion a greater kinetic effect. 

The precipitation of nebular densities would pro- 
duce seasons of greater luminosity. Generally the 
period of greatest luminosity would have been tow- 
ards the close of its formation period. Some varia- 
ble stars may be accounted for in this way. They 
are still forming. To illustrate, consider a possible 
contingency in the formation of our own system. 
If the nebulous masses that formed the planets of 
our own system had not been moving with sufll- 
cient velocity to prevent it, each one would have 
been precipitated upon the Sun, successively pro- 
ducing seasons of greater luminosity until the out- 
most one had fallen upon the sun. 

In this case the seasons of greater luminosity 
would have succeeded each other with but short 
Intervals. The inter-stellar spaces, however, are 
so vast that a distant sun way have its brilliancy 
increased by the precipitation of nebular masses 
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or stellar bodies that it has been years or hundreds 
of years in drawing to itseif . The increased bril- 
liancy of Novi Persei was undoubtedly owing to 
this cause as well as that of many other variable 
stars. 

5th. Can the system ever return to a nebulous 
condition by heat generated by the precipitation of 
planets into the Sun? The theory used to be ad- 
vanced that possibly the precipitation of planets 
into the Sun might suflGlciently raise the tempera- 
ture to restore the system to a nebula again to un- 
dergo changes such as it has perhaps passed 
through. But (a) the succession of shocks would 
be at such long intervals that the heat produced by 
one would be dispersed before the next one, and if 
it were possible for all the planets to strike the 
Sun at the same time, there would not probably be 
the millionth part of the necessary amount of heat 
produced for such an effect. 

Again such an accidental, so to speak, expan- 
sion could no more produce the solar system by 
contraction than throwing a handful of dust into the 
air would produce a watch. 

If any one of a vast number of circumstances 
in the beginning had been different, results would 
have been different. It would be impossible for 
any accident to reproduce those circumstances such 
as rate of rotation, size and position of nebular den- 
sities, extent of dispersion of nebulous masses, and 
so on. Note one particular, rate of rotation. A 
poini: on the surface of the Sun now moves at the 
rate of about a mile per second. If it were to ex- 
pand to the orbid of Mercury, it would have to have 
its velocity increased to 29 miles per second in order 
by contraction to again deposit that planet. This 
illustrates the case of all. It may be urged that the 
precipitation of a planet would necessarily be uj)on 
one side of the Sun near the equator and this would 
naturally tend to accelerate its rotation. That is 
very true, but the answer is apparent. Every pound 
of energy expended in the production of motion is 
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lost for the production of heat, and any planet Is so 
small as compaied with the Sun that if all the 
energy of its fall were expended in accelerating the 
Sun's rotation and none at all for the production of 
heat, it would produce an unapprainhable fraction 
of the required motion. £ (2^ 

The same is true of all of them put together. 
How, then, could they produce the necessary heat 
and motion both? 

"The Sun is but a spark of fire, 
A transient meteor of the sky." 

There was a beginning, there must also be an 
end of the present order of things. 

Objections. 

It may be well to consider a few objections that 
may be urged against the possibility of the hypothe- 
sis. Many have been urged which a moment's con- 
sideration at once disposes of. Some are not so 
easily answered. 

1st. There are many nebulae now that are not 
undergoing any such changes as contemplated a- 
bove. But the answer is, they were differently con- 
stituted. Some may be undergoing changes very 
slowly, others more rapidly. 

2nd. The motions of the satellites of the outer 
most planets of the system. These motions only 
argue a more spherical form for the nebula man it 
afterwards assumed as rate of rotation increased, 
also that the original nuclear densities were farther 
removed from the plane of the planets' orbits. 

3rd. The action of Phobas, the inner moon of 
Mars, that rises in the west and sets in the east. 
The revolution of the satelites is more rapid than 
the axial rotation of the planet, that is, it passes 
around the planet in less time than the planet turns 
upon its axis. This, of course, is well known. But 
the comparatively slow rotation of the planet (only, 
however, a little slower than the earth's) is owing 
to the relatively greater mass of the nebular den- 



••• • 



* 



• • 



ON THE NEBtJiiAR HYPOTHESIS 21 

sity that formed not only the nucleus but a large 
portion of the plan»et. It is only an, evidence for 
the author's view that such densities must have 
existed. Every such density before separation from 
the parent mass rotated on its axis once during Its 
rotation around the Sun. 

Any| additional velocity arises both directly 
from contraction and indirectly by resultant motion 
from that contraction. 

The greater and denser the central mass, rotat- 
ing slowly, the greater the resistance to the forces 
that would accelerate it coming from the more 
swiftly moving but much lighter outside portions. 
The outside portions of the Sun, Jupiter and Saturn, 
are all moving more slowly than they once did, for 
they are and have been imparting motion to interi- 
or parts. The interior parts are rotating with a 
higher velocity for they have been receiving the 
motion. With Mars, the original slowly rotating 
center was so comparatively great that, after re- 
ceiving all the motion that the outside tenuous por- 
tions could impart, its rotation was only increased 
to its present rate. 

It is not necessary to suppose that the axial 
rotation of Mars has been retarded. It simply has 
not been more accelerated. We have a suggestion 
as to the condition in the small white spots on Jupi- 
ter. They move more rapidly than the rest of the 
planet, and if there were no visible connection be- 
tween them and the planet, they woull seem to be 
satellites revolving around it in a shorter period 
than the planet's axial rotation. 

They would seem to rise in the west and set in 
the east. The same would be true of a body at the 
equatorial surface of the Sun or Saturn. The case 
of Mars and Phobos is but the same condition mag- 
nified. When the nebulous mass that formed Mars 
and its satellites extended to Deimos — its outer 
moon — the outside was revolving with sufficieuit 
rapidity to deposit that moon, ie. in 30 hrs. 18 min. 
But the center may not have rotated with the same 
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an^lar velocity any more than that of the Sun or 
Jupiter or Mars now does. 

When it contracted to the orbit of Phobos, the 
outside again may have rotated and did rotate with 
the velocity with which that moon now moves. But 
the main central mass may not have revolved In 
less than thirty or forty hours. The precipitation 
of the rapidly moving but very tenuous outside por- 
tion would have increased the rotation to its pres- 
ent rate. 

It offers no obstacle to the hypothesis. 

Other objections might be noted and answered, 
but the above are enough for the present. 

THE END 
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